Purpose of Review Heterotopic ossification (HO) in hip arthroscopy is a common post-operative complication. This review was undertaken to provide an update (2014 present) on the current literature regarding HO in hip arthroscopy. Recent Findings Risk factors for HO post-hip arthroscopy include male gender, mixed impingement, picture, and the size of CAM resection. HO prophylaxis with NSAIDs has been proven to decrease the rate of HO post-hip arthroscopy; however, there is inherent risk to long-standing NSAIDs therapy. HO post-hip arthroscopy is not uncommon as a radiological finding, but symptomatic HO post-hip arthroscopy requiring revision surgery is a rare event, at < 1%. The outcomes for revision surgery for HO excision have fair outcomes. Summary The hip arthroscopist should stratify their patients based on known risk factors, and determine whether NSAIDs prophylaxis is warranted.
Introduction
Heterotopic ossification (HO) post-hip arthroscopy is a known complication which is not uncommon. The incidence of HO post-hip arthroscopy has been reported as high as 46% [1••] ; however, most studies evaluating the incidence of HO in hip arthroscopy report a 1-12% range of occurrence [2] [3] [4] [5] [6] . It still remains unclear how many of these reported cases are symptomatic versus simply a radiographic HO diagnosis, and whether there is any clinical relevance. A significant amount of work has been published surrounding this topic since 2014, including 12 articles specifically dedicated to discussing HO in hip arthroscopy (Table 1) . There are another 45 articles published in a general review of complications post-hip arthroscopy which included non-specific discussions about HO. As hip arthroscopy is a rapidly evolving topic in the orthopedic literature, this review has been restricted to publications within the most recent 5 years (2014-2018 inclusive) to allow for a comprehensive yet succinct update on the topic.
Background
HO is a process where normal bone forms in locations such as extraskeletal soft tissue. HO is known to form in traumatic, inflammatory, and post-surgical settings. HO is dependent on three common parameters to allow formation: (1) an inflammatory process, (2) available and local osteogenic cells, and (3) a vascular rich environment [18] . The HO formation process has been investigated extensively; however, the exact molecular pathway has yet to be established. In general, inflamed and traumatized tissue starts to be replaced by bone. Specific to the hip, this bone formation can then be [20] . There are 4 types of HO as described by Brooker ( Table 2 ). This classification system has been borrowed from the total hip arthroplasty literature for use in hip arthroscopy. This classification helps the orthopedic community use common verbiage when discussing HO surrounding the hip joint.
Study Selection

Eligibility Criteria
A systematic search was carried out to identify all publications containing data on the topic of HO and relation to hip arthroscopy. Included were any publications that included topics related to hip arthroscopy, HO, and perioperative management of HO. Excluded were publications that dated prior to 2014, that did not include hip arthroscopy or HO, were conference abstracts, or were published in languages other than English.
Identification of Studies
A systematic electronic search was performed using EMBASE, MEDLINE via Ovid, and PubMed for electronic publications ahead of print (with no date limits to August 2018). A combination of MeSH headings were used as outlined in Table 3 . After exclusion of duplicates, titles and abstracts were screened based on our eligibility criteria by two independent reviewers (AK, EL). The remaining studies then underwent a full-text screen based on these criteria. A total of 57 studies were included ( Fig. 1 ), 12 articles which discussed specifically HO in hip arthroscopy and another 45 articles published on a general review of complications post-hip arthroscopy which included non-specific discussions about HO.
Discussion
Risk Factors
The literature has supported in the past the classic risk factors for HO post-hip arthroplasty. These include male gender, type of arthritis, previous surgery, trauma, inflammatory conditions, head injury, and others [21] . Knowledge of hip arthroscopy-specific risk factors for HO is important to the hip arthroscopy surgeon, as this allows for appropriate stratification for possible post-operative prophylaxis. The literature prior to 2014 has shown that male gender, femoral osteoplasty, and unrepaired capsulotomy were risk factors for HO post-hip arthroscopy [5, 19] . In the recent 5 years, this has been confirmed by Beckmann et al. who show that risk of HO is increased with a mixed impingement picture requiring simultaneous rim trim and femoral osteoplasty [7•] . Furthermore, degree of resection of the CAM lesion may be predictive of HO, where a larger CAM requiring a larger resection may be at an increased risk for HO development [7•] . In Beckman et al. study, there was a trend towards unrepaired capsulotomy increasing the risk for HO, but the authors did state a larger data set would be needed to draw any firm conclusion regarding repaired versus unrepaired capsulotomy and HO formation [7•] . A recent study showed that capsular closure does not affect the rate of post-operative HO [9•] .
In summary, risk factors may include male gender, mixed impingement picture where combined rim trim and femoral osteoplasty is required, the volume of CAM resected based on the alpha angle, and unrepaired capsulotomy in the setting of bony correction.
Location
HO mass formation post-hip arthroscopy most commonly occurs at the anterior aspect of the hip [1••, 7•]. There is no convincing evidence that the formation of HO has a pattern other than spatial location at the anterior hip. At this point, it is Table 2 Brooker classification of heterotopic ossification [20] Degree Description
I
Islands of bone within the soft tissue about the hip II Bone spurs from the pelvis or proximal end of the femur, leaving at least 1 cm between opposing bone surfaces III Bone spurs from the pelvis or proximal end of the femur, reducing the space between opposing bone surfaces to less than 1 cm IV Apparent bone ankylosis of the hip hard to determine why some HO forms closer to the capsule versus in the abductor musculature [11•] . This anterior location may be more irritating to patients especially during hip flexion. The more lateral-based HO formations may be less symptomatic, but the literature is unclear about this. In summary, location of HO formation is usually anterior hip joint and can be deep in the capsule area (Figs. 2 and 3 ) and cause range of motion deficits, pain, and impingement symptoms during hip flexion. More lateral HO in the abductor musculature may be less symptomatic.
Prophylaxis
Prophylaxis against HO post-hip arthroscopy can come in a variety of forms; however, the most common is NSAIDs. Frequently used NSAIDs in the past 5 years of literature are shown in Table 4 . Naproxen 500 mg (mg), orally twice a day for 3 weeks, seems to be the most common choice of prophylaxis [1••, 7•, 13•]. The only randomized controlled trial (RCT) in the recent literature shows that naproxen 500 mg, orally twice a day for 3 weeks, decreases the HO rate post-hip arthroscopy from 46% (placebo group) to 4% (naproxen group) [1••] . In a retrospective review published in 2016, 600 mg of etodolac daily for 2 weeks was used, and the reported rate of HO in the no prophylaxis group was 36%, whereas in the etodolac group was 0% [12•].
It has been recently shown that radiation is the most efficacious method at preventing HO formation after total hip arthroplasty (THA) [24] . External beam radiation is usually reserved for post-HO excision or revision cases as it does have a higher risk profile than NSAIDs [24] . It is also less readily available than NSAIDs. External beam radiation has not been used extensively in hip arthroscopy cases. The usual dose would be 700 cGy one-time dose within < 4 h preoperatively to < 72 h post-operatively [25, 26] .
In summary, HO prophylaxis with NSAIDs has been proven to decrease the rate of HO post-hip arthroscopy. There are a variety of possible NSAIDs regiments each with their respective benefits and risks (Table 4) . External beam radiation is not reported in hip arthroscopy for HO prophylaxis and should be reserved for recurrent, hard to treat cases. Care must be taken to educate the patient population about this risk of sarcoma formation post-radiation therapy, albeit exceedingly rare in a single-dose regiment such as in HO prophylaxis.
Symptomatic HO
The chance of HO development as a post-operative complication should be discussed with the patient pre-operatively to allow for anticipation and avoid difficult follow-up conversations. However, the majority of HO is asymptomatic and therefore does not require intervention. Of those who have 
Interventional Radiology
Ultrasound (US)-guided lavage has been used in the past for other calcified soft tissue entities such as calcific tendinitis of the rotator cuff with reasonable results [27, 28] . The literature is scarce on adopting this technique for HO management; however, a single-case report discusses this technique for HO in hip arthroscopy and shows good result [8•] . A 51-year-old male patient post-hip arthroscopy had symptomatic HO which did not respond to physiotherapy and oral medications. This patient underwent US-guided lavage of the HO mass and subsequent therapeutic steroid injected into the area. Resolution of the HO both radiographically as well as clinically (resolution of pain) occurred at the 6-month mark with no complications [8•] . Albeit, the recommendation is for small lesions only and this paper treated a Brooker 1 HO mass measuring 1.3 × 0.08 × 1.1 cm.
In summary, small Brooker 1 HO bony masses which are symptomatic but perhaps too small for surgical excision could go through a trial treatment of US-guided lavage therapy, knowing there is a lack of strong evidence for this intervention.
Revision Surgery
Those requiring intervention such as revision surgery for HO excision is a rarity [1••, 11•, 19] and is patient specific depending on pain, impingement, and decreased range of motion. Nonetheless, the surgeon must be aware of relevant patient workup as well as management options available to them. Prior to deciding on an arthroscopic versus open approach, an imaging workup is mandated. It is our preference, depending on the location and the size of the HO mass, for consideration of computed tomography (CT) angiogram as a part of the pre-operative imaging workup. This is a prudent step as if there is any concern for proximity to major vessels; the CT angiogram will be able to confirm abutment or encasement within the HO mass. This should then prompt the orthopedic surgeon to avoid arthroscopic excision, and plan for an open excision with either vascular or plastic surgery colleagues available to minimize vascular complications.
Redmond et al. reported on a group of 19 patients who had revision surgery for HO excision. They used modified Harris hip score (mHHS) for patient-reported outcomes and found average 20-point increase in the mHHS; however, most remained in the "fair" range. Likewise, there were only 3 patients with a mHHS over 80 (good to excellent results) [15•] .
In summary, revision surgery for HO excision may be necessary in symptomatic individuals, and post-operative NSAIDs prophylaxis would be warranted in these situations. The results of revision surgery have been reported as "fair," with limited patients getting good to excellent results [15•] .
Risk of NSAIDs Prophylaxis
NSAIDs are known to put the gastrointestinal (GI) system and genitourinary system at risk. There is inherent risk to routine prophylaxis with NSAIDs as outlined in Table 4 , including GI irritation, stomach ulceration, bleeding, and acute kidney injury. Beckmann et al. found in their 2014 study that 2 patients had serious complications; 1 patient developed acute kidney injury, and another patient acute colitis leading to hematochezia [7•] . Furthermore, in their RCT published in 2015, out of the 106 combined patients in both the placebo and naproxen group a total of 41 adverse events were documented, 19 in the placebo group and 22 in the naproxen group [1••] . To reduce the GI side effects, a selective COX-2 inhibitor can be used. In 2016, Rath et al. used etodolac 600-mg Naproxen (Naprosyn) 500 mg BID for 3 weeks
• Nonselective COX-inhibitor, less cardiac risks [22] .
• Efficacy has been studied and is high [1••, 7 •]
• Nonselective COX-inhibitor, more GI risks [23] • Less compliance (GI upset) Etodolac (Lodine) 600 mg daily for 2 weeks
• Selective COX-2 inhibitor, more cardiac risks [22] • One-day dose (increases compliance) • Lower duration
• Selective COX-2 inhibitor, less GI irritation increases compliance [23] Acetylsalicylic acid (Aspirin) 325 mg BID for 6 weeks
• Nonselective COX-inhibitor, less cardiac risk [22] • Added VTE prophylaxis benefit
• Nonselective COX-inhibitor, more GI risk [23] • Platelet inhibitor, bleeding risk VTE, venous thromboembolism; BID, twice daily; COX, cyclooxygenase; mg, milligrams oral daily for 2 weeks. They had 2 adverse GI events in the form of stomach irritation, and no bleeding was documented. They argue the selective COX-2 inhibitor provides same prophylactic HO effect with less GI side effects. Furthermore, they cut their duration down to 2 weeks to help with the side-effect risk profile [12•] .
In summary, the argument has been made that clinical benefit of routine prophylaxis is still largely unknown. There are obvious negative effects such as GI upset, bleeding, and kidney failure and some more theoretical negative effects such as healing potential of a repaired labrum [11•] . Our recommendation to mitigate GI side effects is to couple the NSAIDs with gastric protection for the duration of the NSAIDs use.
Conclusion
There is enough literature to note that heterotopic ossification post-hip arthroscopy is a relatively common complication of surgery. There is also evidence that prophylaxis significantly decreases the rate of radiographic HO post-hip arthroscopy. There are specific risk factors for HO in hip arthroscopy which may guide the hip arthroscopist to stratify patient risk and adopt one of the many different prophylactic NSAIDs regiments available, albeit not without medication adverse events. However, it is prudent to consider and acknowledge the difference between radiographic diagnosis of HO versus symptomatic HO requiring intervention. In the most recent 5 years, symptomatic HO requiring revision surgery post-hip arthroscopy has been shown in the 1-25% range. Revision surgery for HO excision has fair clinical results. Postrevision surgery for HO, consideration of a 1 dose of 700-cGy treatment of external beam radiation within 72 h of the procedure and adjuvant NSAIDs coupled with gastric protection would be prudent to try to curb recurrence.
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